Design: a case-control study. Methods: this study received ethical approval (nMrr research id 23957) and informed consent was obtained from all participants. it involved 20 participants with 20 samples of pterygium and 20 samples of normal conjunctiva that were obtained from the same eye of each participant. all the participants underwent history taking, slit lamp examination, and pterygium excision surgery. Both samples underwent immunohistochemistry procedure. Pretreatment procedure was conducted using heat-induced epitope retrieval with Pt link, subsequently followed by EnVision FLEX staining procedure and incubation with anti-IL-17 antibody and anti-IL-23 antibody. Slides were examined in high-power fields (400x) for both samples in 3 different fields. total positive stained cell counts in all 3 fields with il-17 and il-23 between pterygium and normal conjunctiva were analyzed by using Wilcoxon signed rank test.
P
terygium is a benign ocular disease characterized by triangular fibrovascular tissue that arises from the bulbar conjunctiva, growing across the limbus and onto the corneal surface. its incidence can be as high as 25% depending on the population.
1 it is more prevalent in equatorial countries, of which Malaysia, though not located exactly at the Equator, has an equatorial climate. Formation of pterygium is affected by various factors such as ultraviolet light exposure, 2-4 family history, 5 male sex, 2,6 increasing age, 2 rural residency, 2 and history of sand or dust exposure. 7 Various cellular and biochemical factors have been identified in the formation of pterygium. these include cytokines, growth factors, genetic factors, and matrix metalloproteinases (MMPs). Multiple MMP expressions are found to be elevated in pterygium tissue. 8 this discovery has postulated the possibility of subsequent corneal invasion leading to pterygium formation. certain occupations, such as laborers, welders, farmers, and outdoor workers, have been shown to be associated with a higher incidence of pterygium compared with the normal population. 2, 9 Histologically, pterygium is characterized by a fibrovascular proliferation, elastotic degeneration of collagen, inflammatory changes, basophilic changes, and destruction of the Bowman layer.
10 in terms of fibrovascular proliferation, growth factors such as vascular endothelial growth factor (VEgF), epidermal growth factor, fibroblast growth factor, platelet-derived growth factor, heparin-binding growth factor, insulin-like growth factor binding proteins, and transforming growth factor-β have been identified to have a role in its development.
11 among these growth factors, VEgF is the most crucial factor that contributes to the angiogenesis of pterygium. in various international studies, VEgF was found to be increased in pterygium.
12-15
interleukins (ils) are cytokines that are synthesized by leukocytes. they are involved in regulation of cell growth, inflammation, differentiation, migration, and cellular proliferation. interleukin-17 was recently shown to be expressed in pterygium. 16 it is induced by il-23 and produced by t helper cells, dendritic cells, macrophages, natural killer cells, and lymphoid tissue inducer cells. it is a homodimeric, disulfide-like amino-acid protein, which consists of 6 family ligands: il-17a, il-17B, il-17c, il-17d, il-17E, and il-17F. in the t helper type 17 (th17)/il-23 pathway, it stimulates secretion of il-17a, il-17F, il-6, and tumor necrotizing factor. it increases the production of chemokines, attracting neutrophils and monocytes to the affected site, which subsequently leads to inflammation and tissue destruction.
17 it acts as a crucial angiogenic factor with proinflammatory properties. it also inhibits neutrophil apoptosis and induces production of other cytokines such as il-6, il-1 beta, and tumor necrotizing factor alpha. nevertheless, il-6 and il-8 have been identified in pterygium in relation to ultraviolet radiation exposure.
tumor necrotizing factor, macrophages, and neutrophils. this is a new area of exploration in the formation of pterygium and potentially an anti-interleukin may play a role in future treatment of pterygium.
materials and methods

Patient selection
this was a case-control study. Participants were recruited from the department of ophthalmology, sarawak general Hospital, Malaysia in the year 2015. inclusion criteria were as follows:
(1) participants aged 30 years old and above; (2) presence of primary grade 2 or 3 pterygium; and (3) enrolled in this study voluntarily with informed written consent obtained. Exclusion criteria were as follows: (1) history of any previous ocular surgery such as pterygium excision, trabeculectomy, vitrectomy, cataract extraction, and squint surgery; (2) history of trauma such as chemical injury and conjunctiva laceration; (3) presence of other conjunctival pathology or corneal pathology; (4) presence of other ocular surface disease such as sjogren syndrome; (5) presence of infection such as conjunctivitis; and (6) history of topical medication use. informed consent was obtained from all the participants with due regard to the declaration of Helsinki and Malaysian guidelines for good clinical Practice. institutional review board/ethics committee approval was obtained.
specimen Collection all the participants who fulfilled the above criteria underwent slit lamp examination and grading of pterygium classified as grade 1, 2, or 3. grade 1 pterygium is defined as when the head of the pterygium is in between the limbus and the midpoint of the limbus and pupillary margin. grade 2 pterygium is in between the midpoint of the limbus and pupillary margin and the pupillary margin, whereas grade 3 pterygium consists of when the head of the pterygium crosses the pupillary margin. intraoperatively, the head and body of pterygium tissue, which measured around 2 mm x 2 mm, were excised and taken as samples, and a small portion of the autograft sample (approximately 2 mm x 2 mm) taken from inferior bulbar conjunctiva of the same eye was used as control. Both samples were fixed in formalin 10%. samples were subsequently processed and embedded in paraffin blocks.
specimen Preparation and examination the paraffin blocks were cut at a thickness around 4 µm into 3 sections and were mounted on 3 microscope slides, respectively, as wrinkle-free as possible. one slide was stained with hematoxylin and eosin; another 2 slides were used for immunohistochemistry study (il-17 and il-23) . Paraffin sections were mounted from a preheated distilled, deionized nonadditive water bath. sections were allowed to dry by heating in an oven with a temperature below 60°c for 1 hour.
Pretreatment procedure was conducted using dako heatinduced epitope retrieval with Pt link. Working solution was prepared by diluting the target retrieval solution (50x) with concentration of 1:50 in distilled water. the Pt link tank was filled with 1.5 l working solution to cover the tissue sections. Pt link was set to preheat the working solution to 65°c. the tissue sections were manually deparaffinized and rehydrated. these tissue sections were subsequently immersed in the preheated working solution and incubated for 20 minutes at 95°c. the tissue sections were left to cool in Pt link to 65°c. the slide racks were removed from the Pt link tank and dipped in the diluted wash buffer (20x) at room temperature for 5 minutes.
staining procedure was carried out as per manufacturer and laboratory protocol. the slides were shaken to remove excessive wash buffer. subsequently, the slides were incubated with endogenous enzyme block by using EnVision FlEX peroxidase-blocking reagent for 5 minutes, then rinsed with wash buffer. the slides were then incubated with Abcam rabbit anti-IL-23 P19 antibody or Abcam rabbit anti-IL-17 antibody (primary antibody) for 20 minutes. after rinsing with wash buffer, the slides were incubated with EnVision FlEX/horseradish peroxidase (HrP) for 20 minutes, followed by rinsing with wash buffer twice and proceeding with incubation with diaminobenzidene (daB) chromogen for 10 minutes. subsequently, these slides were rinsed with distilled water, counterstained with hematoxylin, and dried with hot air oven. they were then cleared with xylene and mounted with aqueous or permanent mounting medium.
Examination of the slides was conducted by a consultant pathologist by using an olympus Microscope BX 51. the tissue was examined in 3 different high-power fields (400x). the positive cell counts were the cells stained with brown color. the sums of all the positive cell counts in these 3 different fields were recorded. the examiner was masked to the origin of the specimen, either pterygium or normal conjunctiva.
statistical analysis
Positive stained cell counts for each il-17 and il-23 in pterygium and normal conjunctiva were analyzed by using statistical Package for the social sciences (sPss) 22. in the analysis of il-17 and il-23 in pterygium and normal conjunctiva, comparison of the mean in the positive cell counts of each il-17 and il-23 between pterygium and normal conjunctiva was performed. the normality test for the data was conducted using Kolmogorovsmirnov test. nonparametric Wilcoxon signed rank test was used to compare each of the il in pterygium and normal conjunctiva. Further analysis was conducted to compare the mean positive cell counts for il-17 and il-23 in grade 2 and grade 3 pterygium using Mann-Whitney U test. results were demonstrated as mean ± standard deviation. a P value less than 0.05 indicated that the results were statistically significant.
resUlts
Patient demographic data
twenty participants were enrolled in this study, with 10 male and 10 female participants, respectively. Mean age for male participants was 56.5 years old, with an age range of 44 to 65 years old. Female participants ranged from age 50 to 69, with a mean of 60.1 years old. Male participants presenting with pterygium were slightly younger as compared with female participants. in the male population, 8 out of 10 participants had occupational exposure, where 4 of them were construction workers, together with 1 retired army personnel, a farmer, a driver, and a hawker. as for the female participants, 2 were farmers and the rest were housewives. ten participants had grade 2 pterygium, comprising 5 male and female participants each; the remaining 10 participants had grade 3 pterygium, with male and females contributing equally.
there was a significant increase of il-17 positive cell counts in pterygium tissue (mean, 331.10 ± 108.416) compared with normal conjunctiva (mean, 196 .10 ± 80.487) (P < 0.001). similarly, il-23 was found to be significantly higher in pterygium tissues (mean, 102.95 ± 41.378) compared with normal conjunctiva (mean, 62.10 ± 33.462) (P < 0.001). Both il-17 and il-23 were found in the epithelium, in the perivascular tissues, and substantia propria (Figs. 1, 2) .
Further analysis was conducted to compare the mean positive cell counts for il-17 and il-23 in grade 2 and grade 3 pterygium using Mann-Whitney U test. interleukin-17 positive cell counts in grade 2 pterygium were higher (mean, 372.60 ± 122.662) compared with grade 3 pterygium (mean, 289.60 ± 77.077). similarly, positive cell counts for il-23 were higher in grade 2 pterygium (mean, 109.20 ± 44.449) compared with grade 3 pterygium (mean, 96.70 ± 39.396). Both il-17 and il-23 positive cell counts were not statistically significant (P > 0.05) between grade 2 and grade 3 pterygium.
disCUssion
Pterygium is a common ocular surface disease, particularly in countries within the equatorial regions with a hot climate. there is also a high prevalence of pterygium in the arctic.
19 this is most likely due to the presence of high terrain ultraviolet reflectance. Pterygium causes ocular discomfort and can lead to vision impairment if it encroaches the visual axis or induces astigmatism. the incidence of pterygium varies in different countries. the prevalence of pterygium is approximately 12% in urban Malay populations. 20 Various factors have been identified to be involved in the pathogenesis and formation of pterygium. ultraviolet light exposure is well known to be associated with the formation of pterygium. With advancements in technology, cellular and biochemical factors involved in the formation of pterygium are being discovered. these include growth factors like VEgF, cytokines, and MMPs. numerous studies using anti-VEgF in treating pterygium have been conducted worldwide.
21-23 in terms of cytokines, il-17 is a proinflammatory cytokine recently found in pterygium, along with other conditions such as dry eye disease, ocular cicatrical pemphigoid, Behcet disease, psoriasis, inflammatory bowel disease, and rheumatoid arthritis. it has potent angiogenic factors and was found to be elevated in esophagus carcinoma.
24 interleukin-23 is an important inflammatory mediator that is found in autoimmune diseases such as psoriasis, rheumatoid arthritis, multiple sclerosis, and inflammatory bowel disease. interleukin-23 provides stability for th17 cells and enhances expression of il-17. the role of il-23 in the formation of pterygium has not been studied previously. Both il-17 and il-23 act as potent inflammatory mediators and modulators for chronic inflammation and autoimmune disorders. this is the first study to demonstrate quantitative differences for il-17 and il-23 between normal conjunctiva and pterygium.
there were 20 participants enrolled in this study, with 10 male and 10 female participants, respectively. Most studies showed a preponderance of male sex among the pterygium patients. some studies showed no significant sex difference. 25, 26 in this study, female participants were slightly older than male participants. this may be due to earlier onset of pterygium in male participants as compared with female participants, as the majority of male participants had occupational exposure. ten out of 20 participants (50%) had occupational exposure, as they had spent a majority of working hours under sun exposure.
in this study, we were able to demonstrate that pterygium exhibits a significantly higher il-17 positive cell count than the cell count in normal conjunctiva (P < 0.001), comparable with another study by Jabarin et al. 16 this study demonstrated that positive cell counts were found in the epithelium, in the perivascular tissues, and in the substantia propria, which is comparable with the study by Jabarin et al. 16 nevertheless, their study lacked quantitative assessment between the normal conjunctiva and pterygium tissue. We were able to demonstrate pterygium exhibiting a significantly higher il-17 positive cell count than the cell count in normal conjunctiva.
interleukin-23 positive cell counts were also significantly higher in pterygium compared with normal conjunctiva (P < 0.001). the mean il-23 positive cell counts in the pterygium group were approximately double the counts in normal conjunctiva. to our knowledge, this is the first study to demonstrate elevation of il-23 in pterygium. the majority of the positive cell counts for il-23 were found in the epithelium, in the perivascular tissues, and in the substantia propria, which shared a similar location as il-17. interleukin-23, which enhances the inflammatory cascade, may play a role in the inflammation process and development of pterygium. the expression of il-17 and il-23 was not affected by the grade of pterygium. it was noted that some of the grade 3 pterygium did show some signs of atrophy compared with grade 2 pterygium, which may influence the intensity of the inflammatory process in the tissues.
With the presence of significant expression of il-17 and il-23 in pterygium, we postulate that il-17 and il-23 may play a role in the pathogenesis of pterygium. Further detailed studies are suggested for exploration. interleukin-17 and il-23 antagonists may be a potential treatment option for pterygium in the future.
